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1 
This invention appertains fo improvements in 
impedance meters generally, and bas for an ob- 
ject fo provide an electronic type thereof for 
use in comparing two voltages as they are being 
rectified, the comparison being accomplished by 
applying the two voltages either fo a twin elec- 
tron-ray tube, or fo a milliammeter or a volt- 
meter, preferably of the center zero type; a 
balance of the two volta'ges being obtained when 
l equals Z, regardless of phase relationship; the 
balance being indicated when a hairline shadow 
is observed at the tube, or by a zero reading ai 
the meter. 
C, enerally, the invention is comprised in an 
indicat.or circuit inter-connected with a phase 
shift audio oscillator circuit, a buffet poweï" out- 
put circuit, and an impedance matching trans- 
former. The indicator circuit is ruade up of 
three dual section tubes, with one section of each 
bein used in connection with ]gR and the other 
with Ez; the two voltages ER and Ez being com- 
Pared as they are being rectified and then ap- 
plied to the indicator, which may take the form 
either of an electron-ray tube, or a D. C. milli- 
ammeter or voltmeter; the balance of the two 
voltages being obtained when 1 equals Z, regard- 
!ess of phase relationship. The phase shift audio 
oscillator is employed fo feed the buffet power 
output stage to supply a 400 C. P. S., audio volt- 
age of the necessary value and this voltage also 
may be used for general audio amplifier work. 
The impedance matching transÏormeï" is pro- 
vided fo obtain low, intermediate, and high, im- 
pedance measuring ranges. A variable resistor 
forms a part of the phase shift network for fre- 
quency adjustment of the oscfllator, thus allow- 
ing the use of high tolerance components 
throughout the oscillator circuit. A potenti- 
ometer is provided for volume control, also a part 
of the phase shift network, and controls the in- 
put signal on the power outPut stage, which con- 
trol a!lows adjustment of the measuring voltage 
to achive a hairline shadow for balance on the 
sctions of the indicator tube. If a milliammeer 
or a voltmeter is to b employed as the balance 
indicator, if wfll be substituted in the indicator 
circuit for the indicator tube and zero current 
throuh the saine indicates balance of the two 
v01tages; plate lord resistors oÏ equal v]ues 
being PrOvided fo match the meter used. 
In the drawings: 
Figure i is a diagram i11ustrating the circuit 
arrangement in which the electron-ray tube is 
employed to indicate the balanced, or un- 
balanced, state of the twÇ rectified v01tages and, 

OFFICE 

2 
Figure 2 is a diagram illustrating a part only 
of the circuit arrangement of Figure i, and 
shows ifs modification fo permit of the substitu- 
tion of the center zero meter for the electron- 
5 'ay tube. 
teferring fo Figure 1 of the drawings, if is fo 
be seen that I have provided a comparatively 
simple impedance metering circuit involving 
readily obtainable parts and is comprised in an 
10 indicator circuit ruade up of three tubes V, V, 
and V , of the dual section type, the tube V 
being a shunt type diode rectifier having one of 
ifs sections connected in a manner fo cause the 
development of a voltage, designated E, across 
1 a resistance pj0 and its other section, a second 
voltage, desinated Ez, across a resistance 
the voltages being fed through filters 1, C, 
and i, C , respectively, to the grids of the tube 
V, which is used to operate the dual indicator 
20 tube V, the latter being a type 6Al tube. 
Wïaen the input voltages E and Ez are equal, 
both sctions of the indicator tube will show 
equal deflection. A rheostat 14 is connected to 
the E section of the tube V , through a con- 
25 denser C t0, to vary the applied voltage. 
The indicator circuit, as thus constituted, 
nterconnected with an audio oscillator V  of the 
phasa shift type and ifs associated circuit and 
this feeds a buffet power output stage, consisting 
30 of the tube V  and its coupling elements, which 
upplies a 400 C. P. S., audio voltage of the 
necessary valL]e and this may also be used for 
eneral audio amplifier work. A resistor 1, in 
the phase shift network, is variable for frequency 
3 adjustment of the oscillator V , whfle a Poten- 
tiometer P is provided to control the inPut signal 
on the power output stage, which control allows 
adjustment of the measuring voltage fo achieve 
hair-line shadow indication for the balance on 
40 both sections of the indicator tube V . An im- 
Pedance matching transformer T  is employed 
to obtain additional ranges, which are fo be 
selected by a switch SW, the contact L of which 
is tapped in ai the required point between the 
45 ends of the transformer secondary fo give a de- 
sired low imPedance range of 0 fo 50 ohms, while 
the contaot lï gives an intermediate impedance 
range of 0 fo 2000 ohms and the contact I-I, with- 
out transformer connection, the high impedance 
50 range, fo measure values up fo the maximum 
value of the rheostat 
Asuming range switch SWt to be in the "high" 
position designated I-I, the calibrated resistor lt¢ 
is adjusted to obtain a balance indication on 
55 indicar tube V  which is preferably a shadow 
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of hairline width. With shadows of greater 
width, the balance indication may hOt be recog- 
nizable with sucient accuracy. The resistor 
R 1« may be calibrated in known manner, as by 
connecting a standard resistor (hOt shown) fo 
measuring terminals t! and t2. Such calibra- 
tion will take care of small variations in magni- 
ture of capacitors C 
and differences between the characteristics of 
similar sections of dual vacuum tubes V 4 fo V 6. 
The calibration may be repeated with switch SW 
in various positions. 
The unknown impedance, whose .absolute mag- 
nitude is fo be measured, is connected across 
terminals [! and [2, and is indicated in dotted 
lines as Z. By tracing the circuit of Fig. 1, 
will be seen that the unknown impedance A is 
connected in series with the unknown impedance 
Z and the voltage drops are individually applied 
fo the two sections of rectifier V , the rectified 
voltages being separately flltered by the two 
fllters, one filter comprising R o, R  and C  and 
the other filter comprising R 11, R 9 and C 9. The 
voltages, after flltering are separately applied to 
the individual control grids of twin triode V s the 
two anodes thereof being separately and symmet- 
rically connected to a source of anode supply 
voltage indicated as being derived from a con- 
ventional full wave rectifier energized by a 
power transformer T . The primary of power 
transformer T 1 is energized from a suitable 
source of alternating current (hOt shown) 
through a power supply switch SW . The poten- 
tials across the anodes of twin triode V s are 
separately and symmetrically applied fo simflar 
control electrodes of electron ray indicaor tube 
V . Vrhen these potentials produce equal de- 
flections of the ray image, they are considered fo 
be equal. 
By adjusting the magnitude of the testing po- 
tential as by potentiometer P, these deflections 
may be simultaneously adjuted in magnitude. 
By adjusting calibrated resistor R «, they may be 
cansed fo become equal in magnitude. 
The range switch SW  connect transformer 
T 3 so that if is interposed between the measuring 
portion of the circuit and terminals ! ! and [ fo 
whlch the unknown impedance Z is fo be con- 
nected. The apparent impedance as measured 
on calibrated resstor R « is therefore fo be multi- 
plled by the impedance ratio of transformer 
in order fo ascertain it actual value. Different 
impedance ratios may be selected by differenç 
positions of switch SWL 
In Figure 2, showing only the circuit connec- 
tions from the plates of the tube V s to a D. C. 
meter, substituted for the electron-ray or indi- 
cator tube V 
may be either a mflliammeter or a voltmeter and 
preferably of a center zero type in order that a 
balancing of the two voltRges Ei Rnd Ez will be 
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indicated when a zero reading is observed. Con- 
tra, the degree of unbalance of the two voltages 
is indicated by needle deflection from zero. Load 
resistors R 6 and R are connected in on the plate 
5 circuits of the tube V  and are of equal value fo 
match the meter used. 
Wïfle in the foregoing I bave described my in- 
vention in ifs preferred embodiments, it is to be 
understood that the words which I have used are 
10 words of description rather than of limitation, 
and that changes within the purview of the ap- 
pended claire may be ruade without departing 
from the true scope and spirit of my invention in 
ifs broader aspects. 
15 What I claire is: 
A measuring device for determining the abso- 
lute value of an impedance comprising a source 
of testing voltage, a pair of terminals adapted 
for connection to the impedance fo be measured, 
20 a calibrated adjustable resistor, circuit means 
connecting the resistor and the terminals in 
series with each other and to the source, a shunt 
type diode rectifier operatively connected fo the 
terminals, a further dual section rectifier con- 
25 nected fo the resistor, indicating means in the 
form of a twin electron-ray tube for comparing 
the absolute magnitudes of the rectified volt- 
ages appearing acorss the terminals and the 
sistor with each of the plates of the dual sec- 
3O tion rectifier tube being in cormection with a 
complemental of the control electrodes of said 
electron-ray tube, a dual section control tube 
positioned between said dual section rectifier 
tube and said indicating means, with each of the 
35 plates of the dual section rectifier tube being con- 
nected with a complemental of the grids of said 
control tube with the plates of the control tube 
connected each with a complemental of the con- 
trol electrodes of said indicating means, and 
40 similar individual fllter means separately con- 
nected intermediate each of the two rectifiers 
and the comparing means. 
ERIC HENRY LEVY. 
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